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(54) Electrically Insulating, curable potyurethane compositions and electric or electronic device 
made therewith 



(57) The present invention has for its object to pro- 
vide a urethane-forming curable composition which has 
a low viscosity and therefore can sufficiently go round to 
details or minute cavities or the like of electric or elec- 
tronic parts or devices to seal the same and which can 
give flexfcle curing products excellent in heat resist- 
ance, hydrolysis resistance (wet heat resistance) and 
moistureproofness and capable of preventing hardness 
changes as well as reductions in insulating performance 
over a long period of time even under severe conditions 
and therefore can reliably protect the electric or elec- 
tronic parts or devices, and to provide insulated electric 
or electronic parts or devices treated for moistureproof- 
ness with the curing product produced from the compo- 
sition. 

A hydrogenated OH-containing liquid polyisoprene 
(X) and a polyester polyol (Y) which is liquid at ordinary 
temperature and is constituted of fatty acid units (A) and 
polyhydric alcohol units (B) and which has an iodine 
value of not more than 50 are combinedly used as the 
polyol component. The fatty acid units (A) of this polyes- 
ter polyol (Y) at least partly comprise hydroxy fatty acid 
oligomer (at least dimer) units (a). Electric or electronic 
parts or devices are treated for moistureproofness with 
the curing product of this urethane-forming curable 



composition. 
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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to an electrically insulating urethane-forming curable composition capable of pro- 
viding good heat resistance, hydrolysis resistance and moistureproofness. It also relates to electrically insulated electric 
or electronic parts or devices treated for moistureproofness with said composition. 

PRIOR ART 

w 

[0002] In view of the current trends in electric or electronic parts or devices toward higher density and larger-scale 
integration and toward increased reliability, attempts have been made to neutralize the influences of moisture and the 
like in the environment on various electric or electronic parts or devices (e.g. printed circuit boards) by sealing them with 
a resin. And, the sealing of those electric or electronic parts or devices which are used in automotive engine systems, 
15 hot water supply systems, outdoor pumps and the like is required to assure not only their moisture resistance but also 
their reliability even at elevated temperatures or under wet heat conditions. 

[0003] The sealing resin to be used for that purpose must be one which will not impose stress on electric or electronic 
parts or devices so that their performance can be prevented from falling off due to temperature cycle-caused cracking 
in soldered portions, for instance. Thus, f lexMe resins with a low hardness, such as silicone resins and urethane resins, 
so are generally used. 

[0004] Among these, silicone resins are excellent in heat resistance, flexibility and low temperature properties but 
have their limits: they are expensive, fail to give sufficiently firm adhesion to materials constituting electric or electronic 
parts or devices, are highly permeable to moisture, hence fail to completely prevent moisture from influencing thereon, 
and are of low mechanical strength. 

25 [0005] As for urethane resins, proposals have been made to use a hydrogenated OH-containing liquid polyisoprene 
as a polyol component Said hydrogenated OH-containing liquid polyisoprene is free of double bonds or low in double 
bond content and therefore can give cured urethane products having good heat resistance and favorable flexibility. 
[0006] Thus, Japanese Kokai Tokkyo Koho H06-220157 discloses a liquid polymer composition which comprises a 
hydrogenation product (1) derived from an OH-containing liquid diene polymer with at least 60% of the conjugated 

30 diene units bound together via 1 ,4-bonding, a reactive diluent (2) comprising a saturated dihydric alcohol with 1 6 to 80 
carbon atoms and/or a hydrogenation product derived from an OH-containing liquid diene polymer with at least 60% of 
the conjugated diene units bound together via 1,2-bonding, a plasticizer (3) and a pdyisocyanate compound (4). The 
C 16 _so saturated dihydric alcohol is, for example, a dimer diol. The proportion of the plasticizer is, according to Exam- 
ples 1 to 7 thereof, 1 00, 1 00, 1 00, 130, 1 30. 100 or 30 parts by weight per 1 00 parts by weight of the hydrogenated OH- 

35 containing liquid diene polymer (1 ). 

[0007] Japanese Kokai Tokkyo Koho H07-1 02033 discloses a heat-resistant resin composition which comprises a 
hydrogenation product (1) derived from an OH-containing liquid polyisoprene, a castor oil derivative (2) and a polyiso- 
cyanate (3). The castor oil derivative (2) is, for example, a transesterif ication product derived from castor oil and an alco- 
hol. 

40 [0008] Proposals have also been made to use. as the polyol component in urethane type resins, a polyester polyol 
derived from esterification of an oligomer of a hydroxy fatty acid such as 12-hydraxystearic acid or iicinoleic acid with a 
polyhydric alcohol. 

[0009] Thus, Japanese Kokai Tokkyo Koho H04-96916 discloses a technology which comprises incorporating an 
internal mold release agent comprising an ester group-containing condensation product with an acid value of not more 

45 than 5 (the hydroxy! value being 32.2 or 33.0 according to the examples) as produced from 3 to 1 5 moles of 1 2-hydroxy- 
stearic acid and 1 mole of a polyhydric alcohol fin the examples, 1 jS-dihydroxyhexane or polyethylene glycol) or a 
polyamine into an active hydrogen-containing composition, which is to be admixed with an organic pdyisocyanate and 
reacted with the same in closed molds (La by the RIM technique) for the production of elastic elastomer moldings (typ- 
ically, exterior parts of automotive bodies, such as bumpers). The proportion of the internal mold release agent is 0.5 to 

so 30 parts by weight per 1 00 parts by weight of the total reaction mixture. Examples of the polyol to be used as said active 
hydrogen-containing composition together with said internal mold release agent are. according to the examples thereof, 
glycerol-initiated polyoxyalkylene polyether polyol and amino-terminated polyether (famine 
[0010] Japanese Kokai Tokkyo Koho $61-9121 6 discloses the use, as an internal moid release agent, of an ester pro- 
duced from 3 to 15 moles of Iicinoleic acid and 1 mole of monohydric or. polyhydric alcohol (in particular 1 ,6-dihydroxy- 

55 hexane) and having an average molecular weight of 90 to 4,500, an acid value of not more than 5 and a hydroxy! value 
of 12.5 to 125 in producing pdyurethane elastomers with a mean density of 0.8 to 1.4 g/cm 3 by reacting an organic 
polyisocyanate, a solution of a specific chain extender in a polyhydroxyl compound and said internal mold release agent 
with one another in closed molds (i.e. by the RIM technique). The proportion of the internal mold release agent is 0.5 
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to 30 parts by weight per 1 00 parts by weight of the total reaction mixtura 

[0011] The liquid polymer composition disclosed in Japanese Kbkai Tokkyo Kbho H06-220157 contains a large 
amount of a plasticizer for hardness reduction and, therefore, when used as a sealing resin for electric or electronic 
parts or devices, inevitably produces adverse effects due to the plasticizer (e.g. hardness changes with time, deteriora- 
5 tion of electric characteristics due to bleeding of the plasticizer). 

[0012] The heat-resistant resin composition disclosed in Japanese Kokai Tokkyo Kbho H07-102033 tends to undergo 
hardness changes with time at elevated temperatures or under wet heat conditions, hence renders the life and reliability 
of electric or electronic parts or devices questionable. 

[001 3] The elastic elastomer disclosed in Japanese Kbkai Tokkyo Kbho H 04- 96 91 6 is limitedly intended for the man- 
10 ufacture of polyurethane moldings (in particular moldings such as automotive bumpers etc.) by the RIM technique, 
hence attention has been turned to the moldability from molds in the step of molding in the manner of RIM but not to 
the use as an insulating sealant where other physical properties and characteristics than those required of RIM mold- 
ings are required. Even if such elastic elastomer is used as an insulating sealant, the adhesiveness will be insufficient, 
hence the elastomer will be unsuited for use as such sealant 
15 [0014] The internal mold release agent disclosed in Japanese Kbkai Tokkyo Koho S61-9121 16. which comprises an 
ester produced from 3 to 1 5 moles of licinoieic acid (namely castor oil fatty acid) and 1 mole of monohydric or polyhydric 
alcohol, is intended only for special use as internal mold release agent and furthermore has a problem in that it has a 
high iodine value, hence is poor in heat resistance. 

[001 5] In such background, the present invention has for its object to provide, by using a hydrogenated OH-containing 
20 liquid polyisoprene and a specific polyester polyol containing hydroxy fatty acid oligomer units combinedly as a polyol 
component, an electrically insulating urethane-forming curable composition which has a low viscosity and therefore can 
sufficiently go round to details or minute cavities or the like of electric or electronic parts or devices to seal the same 
and which can give flexible curing products excellent in heat resistance, hydrolysis resistance (wet heat resistance) and 
moistureproofness and protected from hardness changes and reductions in insulating performance over a long period 
25 of time even under severe conditions and therefore can reliably protect the electric or electronic parts of devices, and 
to provide electrically insulated electric or electronic parts or devices treated for moistureproofness with the curing prod* 
uct produced from said composition. 

SUMMARY OF THE INVENTION 

30 

[0016] The present invention provides an insulating urethane-forming curable composition comprising a polyol com- 
ponent and a polyisocyanate component which composition is characterized in that the polyol component comprises a 
hydrogenated OH-containing liquid polyisoprene (X) and a polyester polyol (Y) which is composed of fatty acid units (A) 
and polyhydric alcohol units (6), occurs as a liquid at ordinary temperature and has an iodine value of not more than 
35 50, and that the fatty add units (A) in said polyester polyol (Y) at least partly comprise hydroxy fatty acid oligomer (at 
least dimer) units (a) resulting from condensation of at least two OH-containing fatty acid molecules, or at least one OH- 
containing fatty acid molecule and at least one OH-free fatty acid molecule. 

[0017] The present invention also provides an electric or electronic part or device subjected to moisture-proof treat- 
ment with a cured product produced from the above-mentioned insulating urethane-forming curable composition. 

40 

DETAILED DESCRIPTION OF THE INVENTION 
[0018] The present invention is now described in detail. 
45 Polyol component 

[0019] In accordance with the present invention, the polyol component comprises a hydrogenated OH-containing liq- 
uid polyisoprene (X) and a polyester polyol (Y) which is composed of fatty acid units (A) and polyhydric alcohol units 
(B), occurs as a liquid at ordinary temperature and has an iodine value of not more than 50. 

50 

HydroqenatQd OH-^gininq liquid polyisoprene (X) 

[0020] The hydrogenated OH-containing liquid polyisoprene (X), which is a constituent of the polyol component, is a 
product derived from an internal or terminal OH-containing polyisoprene having a number average molecular weight of 
55 about 300 to 25,000, preferably about 500 to 20,000, more preferably about 700 to 1 0,000 by hydrogenation of the dou- 
ble bonds of said polyisoprene using a hydrogenation catalyst such as platinum or pallacfium. Rom the flexibility view- 
point, the starting OH-containing polyisoprene should preferably contain a 1,4-structure, such as the cis-1,4 or trans- 
1 ,4 structure, in a proportion of at least 70%. As such hydrogenated OH-containing liquid polyisoprene, there may be 
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mentioned, for example, the commercial product available from Wemitsu Petrochemical under the trademark "Epol". 
Polyester polyo! (Y) 

5 [0021] The polyester polyoi (Y), which is another constituent of the potyol component, is composed of fatty acid units 
(A) and polyhydric alcohol units (B). 

[0022] The fatty acid units (A) comprise, at least partly, hydroxyfatty acid oligomer (at least dimer) units (a) resulting 
from condensation of at least two OH-containing fatty acid molecules, or at least one OH-containing fatty acid molecule 
and at least one OH-f ree fatty acid molecule 

10 [0023] Referring to the hydroxy fatty acid oligomer units (a), the hydrogenated castor oil fatty acid the main component 
of which is 1 2-hydroxystearic acid is suitably used as the OH-containing fatty acid. When necessary or where appropri- 
ate, the castor oil fatty acid the main component of which is ricinoleic acid may be used combinedly. The hydrogenated 
castor oil fatty acid is substantially free of any unsaturated group (i.e. the iodine value is substantially equal to zero), 
hence is most suitable from the heat resistance viewpoint The castor oil fatty acids having an unsaturated group, when 

75 used in combination, advantageously produces a viscosity lowering effect. In the case of combined use of castor oil 
fatty acid, it is desirable that the castor oil fatty acid be used generally in an amount of not more than 1 .1 moles, prefer- 
ably not more than 0.5 mole, more preferably not more than 0.3 mole, per mole of the hydrogenated castor oil fatty add. 
Other OH-containing fatty acids, such as dihydoxystearic acid, malic acid and lactic acid, may also be used in small pro- 
portions. 

20 [0024] Further referring to the hydroxy fatty acid oligomer units (a), the OH-free fatty acid includes tauric acid, myristic 
acid, palmitic acid, stearic acid, isostearic acid, arachic acid, behenic acid, montanic acid, oleic acid, linolic acid, lino- 
lenic acid and so forth. Fatty acid mixtures comprising such components, for example coconut oil fatty acids, palm oil 
fatty acids, dive oil fatty acids, tallow fatty acids, hydrogenated tallow fatty acids and the like, as well as synthetic fatty 
acids comprising such components may also be used. Lower or medium fatty acids, such as butyric acid, valeric acid, 

25 caproic acid, enanthic acid, caprylic acid and capric acid, may be used as well. 

[0025] The above-mentioned OH-containing fatty acid, alone or together with the OH-free fatty acid, is subjected to 
condensation reaction under heating at a temperature of about 180° to 240°C (in particular under reflux) in an inert gas 
atmosphere, whereby a hydroxy fatty acid oligomer product is obtained. In this case, it is desirable that xylene or the 
like is caused to coexist in the reaction system to thereby remove the byproduct water azeotropically from the system. 

30 Although the use of a catalyst is generally unnecessary, the reaction may be carried out in the presence of a catalyst 
such as p-tduenesutfonic acid or sulfuric acid. 

[0026] It is suitable that said hydroxy fatty acid oligomer product comprise dimer to heptamer (in particular trimer to 
pentamer). Said product may contain octamer and higher oligomers, however. It may further contain the monomer or 
monomers but, in this case, attention should be paid so that, on the average, said product corresponds to at least 1 .5- 
35 mer. preferably at least 1 .8-mer, more preferably at least 2.0-mer. When the proportion of dimer and higher oligomers 
is too small, the resulting polyester polyoi (Y) sometimes fail to occur as a liquid at ordinary temperature and the pdy- 
urethane produced by using such polyester polyoi (Y) as the polyoi component is not satisfactorily resistant to heat and 
hydrolysis. 

[0027] The fatty acid units (A) may contain fatty acid units other than said hydroxy fatty acid oligomer units (a) provided 
40 that the nondigomer fatty acid units amount to not more than about 35% by weight As the nonoligomer fatty acids that 
can be used in this case, there may be mentioned those OH-containing or OH-free fatty acids mentioned hereinabove. 
[0028] The polyhydric alcohol units (B) preferably comprise, at least partly (preferably at least 50% by weight more 
preferably at least 70% by weight), at least trihydric polyhydric alcohol units (b). This is because in cases where a diol 
alone is used or in cGd-rich cases, the final composition, when used as an insulating sealant is insufficient in adhesive- 
45 ness and also because the polyester polyd (Y) obtained may have an excessively small number of functional groups 
(OH groups). Examples of the polyhydric (at least trihydric) alcohol are trimethyiotpropane, pentaerythritol. dipentaer- 
ythritd, trimethyldethane, glycerol, polyglycerd, sorbitd, and alkylene oxide abducts derived from these. Examples of 
the did are various glycols, polyether polyois, and alkylene oxide adducts derived from these. Nitrogen-containing pdy- 
ols may also be used as the polyhydril alcohol. From the viewpoint of hydrolysis resistance, the use of a hindered alco- 
50 hol is preferred. 

[0029] The polyester polyoi (Y) comprising such fatty acid units (A) and polyhydric alcohol units (B) as mentioned 
above can be prepared typically by subjecting the above-mentioned hydroxy fatty acid oligomer (with or without a non- 
oligomer fatty acid) and the above-mentioned pdyhydric alcohol to esterification reaction under heating at a tempera- 
ture of about 170° to 220°C in an inert gas atmosphere in the presence of a catalyst such as p-toluenesulfonic acid, 
55 sulfuric acid, hydrochloric add, phosphoric add, sodium methylate or zinc chloride. 

[0030] On that occasion, the hydroxy fatty acid oligomer (with or without the nonoligomer fatty add) and the polyhydric 
aicohd are desirably used in a ratio such that the polyester pdyol (Y) obtained has, on the average, at least 1 .5 OH 
groups, preferably at least 1 .8 OH groups. The upper limit to the number of OH groups is about 1 0. 
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[0031] It is also possible to first prepare a polyester poryoi having a greater number of OH groups than the number 
aimed at and then reacting said polyester poiyol with a dibasic acid such as adipic acid, azelaic acid or sebacic acid to 
thereby adjust the number of OH groups to the desired one. For accomplishing such adjustment it is further possible 
to first react the dibasic acid with the polyhydric alcohol and then reacting the resulting product with the hydroxy fatty 

5 acid oligomer (with or without the nonoligomer fatty acid) or to subject the dibasic acid, polyhydric alcohol and hydroxy 
fatty acid oligomer (with or without the nonoligomer fatty acid) simultaneously to esterif cation reaction. 
[0032] In addition to the methods mentioned above, the polyester polyd (Y) can also be prepared by starting with 
hydrogenated castor ofl, alone or in combination with a triglyceride such as castor oil or a partial hydroryzate obtained 
therefrom, and subjecting the same to esterification reaction with the OH-containing fatty acid alone or in combination 

10 with the OH-free fatty acid. Said poiyol (Y) can also be prepared by directly esterrfying the OH-containing fatty acid, 
atone or in combination with the OH-free fatty acid, with the polyhydric alcohol. In any case, it is in principle desirable 
to build up a reaction system in which the hydroxy fatty acid oligomer units (a) form a major proportion. 
[0033] The thus-prepared polyester poiyol (Y) is required to have an iodine value of not higher than 50 and to be a 
liquid at orcfinary temperature. Iodine values exceeding 50 lead to an insufficient heat resistance. The iodine value is 

15 preferably not more than 40, more preferably not more than 30. and most preferably not more than 20. The requirement 
that the poiyol (Y) should be a liquid at ordinary temperature can be readily satisfied, since the polyester poiyol (Y) has 
hydroxy fatty acid oligomer units (a). 

[0034] When the use of the intended composition as an insulating sealant is taken into consideration, it is desirable 
that the polyester poiyol (Y) have an OH value of 50 to 300 (preferably 60 to 250, more preferably 70 to 200) and an 
20 average number of functional groups of not less than 1 .7 (preferably 2 to 4, more preferably 2 to 3). 

Proportions 

[0035] As regards the proportions of the hydrogenated OH-containing liquid polyisoprene (X) and polyester poiyol (Y) 
25 in the poiyol component it is appropriate that the latter be used in an amount of not less than 1 0 parts by weight (pref- 
erably not less than 15 parts by weight) but not more than 150 parts by weight (preferably not more than 120 parts by 
weight more preferably not more than 100 parts by weight, most preferably not more than 80 parts by weight), per 100 
parts by weight of the former. When the proportion of the latter is too small, a high viscosity may result making it difficult 
to apply the composition as a sealant When, conversely, said proportion is excessively high, the resistance to moist 
30 heat under high pressure will be sacrificed. 

Other constituents of the oolvol component 

[0036] For the purpose of improving compatibility, providing further flexibility and/or decreasing viscosity, for instance. 
35 the poiyol may further comprise, in combination with the above-mentioned constituents (X) and (Y), one or more of 
commonplace diols, such as polyether polyols, polyester polyols, octanediol, castor oil, acetyiated .castor oil and hydro- 
genated timer acid cfiols, in an appropriate amount (&g. less than 50% by weight preferably not more than 40% by 
weight more preferably not more than 30% by weight relative to the total amount of the poiyol component). 

40 Polyisocyanate component 

[0037] As the polyisocyanate component there may be mentioned various polyisocyanates such as 4.4 f - or 2,4'- 
diphenylmethanediisocyanate, carbodiimide modification of diphenylmethanediisocyanate. polymerized djphenytmeth- 
anediisocyanate, hydrogenated diphenylmethanediisocyanate, toiylene diisocyanate, xytylene cQisocyanate, hexameth- 

45 ylene diisocyanate, trimethylhexamethylene aiisocyanate. isophoronediisocyanate, phenylene disocyanate, 
naphthalenediisocyanate, triphenylmethanediisocyanate, diphenyl sulfone diisocyanate, 3-isocyanatornethyl-3,5,5-tri- 
methylcydohexyl isocyanate and 3-isocyanatoethyl-3,5,5-trimethylcyclohexyl isocyanate, diphenyfpropanediisocy- 
anate, diphenyl ether-4,4*-diisocyanate, cyclohexylene diisocyanate, 3,3*-diisocyanatodipropyl ether, and urethane 
modifications, dimers, trimers, carbodiimide modifications, allophanate modifications, urea modifications, biuret modifi- 

50 cations, prepolymers and blocked modifications of such polyisocyanates. When weather resistance is required, it is 
desirable that nonyef lowing polyisocyanates such as hexamethytene diisocyanate and isophoronednsccyanate be 
selected and used. 

Urethane-fermina curab le composition and insulated electric or electronic parts or devices 

55 

[0038] The insulating urethane-forming curable composition of the present invention comprises the above-mentioned 
poiyol component and polyisocyanate component For attaining a sufficient degree of cure, the ratio between both com- 
ponents as expressed in terms of NCO/OH equivalent ratio is preferably 0.7 to 1 .4, more preferably 0.8 to 1 .2. 
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[0039] in preparing said composition, one or more additives selected from among chain extenders, crossiinking 
agents, fillers, pigments, loading materials, flame retardants, plasticizers, urethane formation catalysts, ultraviolet 
absorbers, antioxidants, antiaging agents, moisture absorbers, antifoarns, antifungal agents, silane or thane coupling 
agents and so forth may be incorporated each in an appropriate amount. In cases where a plasticizer is used, it is desir- 
able that the plasticizer be one which shows only a small loss in weight at elevated temperatures, for example a hydro- 
genated alpha-olef in oligomer, in particular a hydrogenated 1 -decene oligomer. Such plasticizer is used generally 
in an amount of not more than 100 parts by weight, preferably not more than 70 parts by weight, more preferably not 
more than 50 parts by weight per 100 parts by weight of the sum total of the polyd and polyisocyanate components. 
Various other plasticizers, for example paraffin-based process oils and ethylene-alpha-olefin cooligomers, may also be 
used. 

[0040] The composition prepared by blending the above-mentioned components together, when applied to electric or 
electronic parts or devices for sealing them by casting in the conventional manner and then allowed to cure, gives insu- 
lated electric or electronic parts or devices provided with moistureproofness by the curing product obtained from said 
composition. The curing can be carried out at a temperature from room temperature to about 100*C; the higher the tem- 
perature is, the more accelerated the curing reaction is. The curing time is recommendaly about 1 to 7 days in the case 
of room temperature curing, or about 1 to 10 hours in the case of curing at 100°C. The curing conditions to be actually 
employed can suitably be selected according to the curing equipment available and other factors. For instance, after 
casting, the cast resin composition is heated at 60°C for 1 hour to effect curing to an extent such that said composition 
no more flows out. Thereafter, the composition is allowed to stand at room temperature for 4 days or so. 
[0041 ] It is particularly desirable that, in the insulated electric or electronic parts or devices obtained by moistureproof 
treatment with the curing product from the above-mentioned composition, the cured composition have a hardness at - 
20°C of not more than 80 as expressed on the JIS A scale so that troubles such as cracking upon soldering can be 
avoided. Therefore, attention should be paid to the conditions of compounding said composition so that such hardness 
can be obtained. 

Effects 

[0042] The above-mentioned hydrogenated OH-containing liquid polyisoprene (X) advantageously provides good 
heat resistance and flexibility but, by nature, has a high viscosity. Even when an attempt is made to reduce the viscosity 
by combined use of an ordinary polyol, it is difficult to attain the desired viscosity reduction without using a plasticizer 
or diluent in large amounts, because of poor compatibility between (X) and such polyol. Even if a composition prepared 
according to such formulation is used as an insulating sealant, the curing product will undergo hardness changes with 
time, failing to fully utilize the original characteristics of the OH-containing hydrogenated liquid polyisoprene (X). 
[0043] On the contrary, when said hydrogenated OH-containing liquid polyisoprene (X) is used in combination with 
the specific polyester polyol (Y) defined hereinabove, the resulting final composition, when used for sealing electric or 
electronic parts or devices, can go around even into minute cavities or tie like of said parts or devices owing to its low 
viscosity and, furthermore, can give flexible curing products showing good heat resistance, hydrolysis resistance (mois- 
ture resistance) and moistureproofness. Hence, hardness changes and insulating performance reduction can be pre- 
vented for a prolonged period of time even under severe conditions and therefore the electric or electronic parts or 
devices can be protected in a reliable manner. 

[0044] The degree of condensation of the hydroxy fatty acid oligomer units (a), which are essential constituent units 
in the fatty acid units (A) of the polyester polyol (Y), can be adjusted arbitrarily and therefore the final composition can 
be designed so that those characteristics which are required by users can be obtained. 

EXAMPLES 

[0045] The following examples are further illustrative of the present invention. In the following, "part(s)" means "part(s) 
by weight". 

Example 1 

Hydrogenated QH-containino liouid polvisoorene OO 

[0046] As the hydrogenated OH-containing liquid polyisoprene (X), Idemitsu Petroctterriicafs "Epol" (number average 
molecular weight 1,400; degree of hydrogenation ca. 100%; viscosity 1 10 Pa • s/23°C) was prepared. 
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Synthesis gf pQlye^er polyo' CO 

[0047] A reactor equipped with a stirrer, a thermometer, a nitrogen inlet tube and a reflux condenser with a water- 
measuring tube was charged with 1 ,220 g (4 moles) of a hydrogehated castor oil fatty acid mixture with an acid value 
s of 1 78 and 60 ml of xylene for assisting ref luxing, and the reactor contents were heated at 200° to 220°C under nitrogen 
for 6 hours while the water formed by the condensation reaction was azeotropically removed from the system. Thus was 
obtained a hydroxy tatty acid oligomer product with an acid number of 46, corresponding to the tetramer of the above- 
mentioned fatty acid mixture. 

[0048] To the reactor was then added, as an example of the polyhydric alcohol, 1 34 g (1 mole) of trimethyiolpropane, 
w which is a hindered alcohol, and 1 .0 g of p-toluenesuffonic acid as a catalyst,. and the reaction was allowed to proceed 
at 1 80° to 200°C for 7 hours, while the water formed by the condensation reaction was azeotropically removed from the 
system. After completion of the reaction, the catalyst and xylene were removed. Thus was obtained a liquid polyester 
polyol (Y), which was liquid at orcf nary temperature and had an acid value of 3.3, a hydroxyl value of 105, an iodine 
value of 3.2 and a viscosity of 2.1 Pa • s/23°C. 

15 

Preparation and curing of the uret hane-forming curable composition 

[0049] Using the above-mentioned hydrogenated OH-containing liquid polyisoprene (X) and polyester polyol (Y) com- 
binedly as the polyol component in the proportions specified below in Table 1 and using liquid MDI (diphenyfmethane- 
20 diisocyanate; Nippon Polyurethane Industry's "Millionate MTV) as the polyisocyanate component, curable 
compositions having an NCO/OH equivalent ratio of 1 were prepared. They were subjected to viscosity measurement. 
They were respectively cast into molds and cured at 60°C for 16 hours (for hardness testing) or 48 hours (for other 
tests), whereby specimens having a diameter of 50 mm and a thickness of 1 0 mm were obtained. The specimens were 
submitted to various tests and evaluations. 

25 

Visco si ty of eagh pprryog itiQn gnd hqat rgsisfrncg 3nd hydrptysis resistanqq of each curing product 

[0050] Each composition was measured for viscosity and evaluated for castabi lity while each curing product was eval- 
uated for heat resistance, hydrolysis resistance and electrical characteristics. The conditions and results are shown in 
30 Table 1. 

[0051] For heat resistance evaluation, each specimen was placed and maintained in an oven at 150°C for 2,000 
hours. For hydrolysis resistance evaluation, each specimen was exposed to the following wet heat test conditions for 
100 hours: temperature 121°C, relative humidity 100%, steam pressure 2 kg/cm 2 . 

[0052] Referring to Table 1 and to Tables 2 and 3 which appear later herein, the castability evaluation was made by 
35 casting the mixed test composition into a mold (130 mm x 130 mm x 3 mm thickness); when the composition could flow 
into the mold completely to the bottom without allowing air bubble formation, its castability was evaluated as "O" (good) 
whereas when it tailed to do so, as "X" (poor). As regards the hardness at -20°C, a hardness not more than J IS A 80 
was evaluated as "O" while a hardness exceeding 80, as "X". As regards the hardness after heat resistance testing, the 
test specimen after heat resistance testing was cooled to 23°C and subjected to hardness measurement; when the 
40 change in hardness as compared with the initial value was within the range ±5, the heat resistance was evaluated as 
"O" while said change exceeded said range, as "X". As regards the hardness after hydrolysis resistance testing, when 
the change in hardness as compared with the initial value was within the range ±5, the heat resistance was evaluated 
as "O" while said change exceeded said range, as "X". 

[0053] Referring to Table 1 and to Tables 2 and 3 which appear-later herein, the electrical characteristics after heat 
45 resistance testing were evaluated as "O" when the volume resistivity was not less than 1 0 12 n • cm whereas when the 
resistivity was less, as "X". The electrical characteristics after hydrolysis resistance testing were evaluated as "O" when 
the volume resistivity was not less than 10 14 Q-cm whereas when the resistivity was less, as "X". In each table, the 
data 3 x 10 14 , for instance, was expressed as 3E 14 for reasons of space. 

50 



55 
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Table 1 





no. i 


M#* O 

NO. d. 


NO. 3 


NO. 4 


uonstituems or poiyoi cornponern 










Hydrogenated polyisoprene (X) 


100 


100 


100 


100 


Polyester polyol (Y) 


10 


30 


50 


100 


Polyisocyanate Liquid MDI 


15.4 


20.3 


26.0 


37.4 


Viscosity of composition (Pa • s) 


42 


36 


15 


7 


Castabilrty 


o good 


o good 


o good 


o good 


Hardness (JIS A) 










Initial hardness (23°C) 


52 


51 


50 


49 


Hardness at -20°C 


0 72 


0 73 


0 73 


073 


After 2.000 hours of heat resistance testing (150°C) 


053 


050 


048 


0 47 


After 100 hours of hydrolysis resistance testing (121°C, 100% RH, 
2kg/cm 2 ) 


050 


046 


0 45 


045 


Volume resistivity pv (Q • cm) 










Initial volume resistivity 


3E 14 


2E 14 


2E 14 


1E 14 


After 2,000 hours of heat resistance testing (150°C) 


0 6E 14 


0 6E 14 


0 6E 14 


0 5E 14 


After 100 hours of hydrolysis resistance testing (121 °C. 100% RH, 
2kg/cm 2 ) 


o3E 13 


0 1E 13 


0 1E 13 


0 9E 12 



Comoatibirrtv of polyol constituents 



[0054] One hundred (100) parts of the hydrogenated polyisoprene (X) used in the above examples and 50 or 100 
parts of the polyester poiyoi (Y) used in the above examples or one of various other polyols were mixed together and 
allowed to stand at 23°C for 1 4 days and then observed for compatibility; when no phase separation was observed, the 
compatfoility was judged as "O" and, when phase separation was observed, as "X". In the following, "hydrogenated IP 
(X)" means the hydrogenated polyisoprene (X) used in the above examples and "PPG" means polypropylene glycol. 

- Hydrogenated IP (X) 100 parts 

+ polyester poiyoi (Y) 50 parts -> O 

- Hydrogenated IP (X) 100 parts 

+ polyester polyol (Y) 100 parts -» O 

- Hydrogenated IP (X) 100 parts 

+ polybutadiene polyol (Y) 50 parts -> X 

- Hydrogenated IP (X) 100 parts 

+ polybutadiene poiyoi (Y) 100 parts -» X 
• Hydrogenated IP (X) 100 parts 

+ PPG (mol. wt 1,000) (Y) 50 parts ->X 

- Hydrogenated IP (X) 100 parts 

+ PPG (mol. wt 1,000) (Y) 100 parts X 

- Hydrogenated IP (X) 100 parts 

+ castor oil transesterif ication product (Y) 50 parts -»0 

- Hydrogenated IP (X) 100 parts 

+ castor oil transesterif ication product (Y) 1 00 parts -> O 

- Hydrogenated IP (X) 100 parts 

+ dimer acid diol (Y) 50 parts -> O 

- Hydrogenated IP (X) 100 parts 

+ dimer acid diol (Y) 100parts-+O 

- Hydrogenated IP (X) 100 parts 
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+ castor oil (Y) 50 parts -> X 
- Hydrogenated IP (X) 1 00 parts 
+ castor oil (Y) 100 parts ->X 

5 Comparative Examples 1 to 9 

[0055] For comparison, experiments were conducted according to the formulations shown in Table 2 and Table 3. The 
hydrogenated polyisoprene (X) and liquid MDI used were the same as those used in Example 1. The conditions and 
results are shown in Table 2 and Table 3. 



Table 2 







Comparative Example 


15 




1 


2 


3 


4 


5 




Constituents of polyol component 














Hydrogenated polyisoprene (X) 


100 


100 


100 




100 




Castor oil transesterification product 


20 


40 


60 






20 


Castor oil 








100 






roiyisocyanaie uquio mui 


21 


29 


37 


42 


13 




Viscosity of composition (Pa • s) 


22. 


12.5 


8.3 


0.3' 


55 


25 


Capability 


o good 


ogood 


ogood 


o good 


xbad 




Hardness (J IS A) 














Initial hardness (23°C) 


42 


45 


45 


75 


55 




Hardness at -20°C 


x85 


x90 


x95 


x95 


0 75 


30 


After 2,000 hours of heat resistance testing (150°C) 


x75 


x95 


x95 


x95 


055 




After 100 hours of hydrolysis resistance testing (121°C, 
100% RH t 2kg/cm 2 ) 


x32 


x25 


x20 


x Dissolution 


055 


35 


Volume resistivity Pv (Q • cm) 














Initial volume resistivity 


7E 14 


5E 14 


5E 14 


9E 14 


2E 14 




After 2,000 hours of heat resistance testing (150°C) 


0 9E 14 


0 6E 14 


0 6E 14 


0 8E 14 


0 7E 14 


40 


After 100 hours of hydrolysis resistance testing (121 °C, 
100% RH, 2kg/cm 2 ) 


0 9E 12 - 


0 6E 12 


0 3E 12 


X- 


0 7E 14 
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TaWe3 







Comparative Example 


5 




6 


7 


8 


9 




O^rt^+ffi ionic f\4 rv\lv/nl /*AnmArtAnf 

uonsuiuenis or poiyoi corr^xjneru 












nyurogenazea poiyisopr ene ^aj 


100 


100 


100 




10 


Dimer acid diol 
Poiybutadiene polyol 


50 


100 


150 


100 




Polyisocyanate Liquid MDI 


39 


65 


91 


12 


15 


Viscosity of composition (Pa • s) 


18.5 


7 


4.7 


7 


Capability 


ogood 


ogood 


ogood 


ogood 




Hardness (JIS A) 












Initial hardness (23°C) 


58 


87 


92 


35 


20 


Hardness at -20°C 


x91 


x95 


x96 


O40 




After 2.000 hours of heat resistance testing (150°C) 


0 60 


092 


096 


x98 




After 100 hours of hydrolysis resistance testing (121°C, 100% 
RH, 2kg/cm 2 ) 


055 


x part. diss. 


x part. diss. 


\ 040 


25 


Volume resistivity p v (Q • cm) 












Initial volume resistivity 


7E 14 


6E 14 


5E 14 


1E 15 




After 2,000 hours of heat resistance testing (150°C) 


0 8E 14 


0 8E 14 


0 9E 14 


o9E 14 


30 


After 100 hours of hydrolysis resistance testing (121°C, 100% 
RH,2kg/cm 2 ) 


0 2E 13 


x part. diss. 


x part. diss. 


0 9E 13 




Note: "Part diss." = partial dissolution. 



35 Examples 2 to 10 

[0056] Polyester polyol s (Y) were prepared in the same manner as in Example 1 except that the kind of hydroxy fatty 
acid and the amount were varied and that the hydroxy fatty acid oligomers obtained were then reacted with various pol- 
yhydric alcohols. The conditions employed for synthesizing the polyester polyols (Y) and the characteristics of said poly- 

40 ols (Y), inclusive of those in the case of Example 1 , are shown in Table 4. In the table, each value in parentheses 0 
means the number of moles of the material charged. "HCOFA" stands for hydrogenated castor oil fatty acid, "COFA" for 
castor ofl fatty acid, "Cap" for caprylic acid, and "Adi" for adipic acid. "TMP" stands for trimethytoipropane, "Gly" for glyc- 
erol, "SorPO" for sorbitdpropylene oxide adduct and "GlyPO" for glycerolpropylene oxide adduct. "CO" stands for cas- 
tor oil, and "HCO" fa hydrogenated castor oil. "OHV" stands for hydroxy! value, "IV for iodine value, and "Vis." for 

45 viscosity (Pa • s/23°C). 



Table 4 



Example 


Synthesis conditions 


OHV 


| IV 


Vs. 


Appearance 


1 


[HCOFA(4)] tetramer + TMP(1) 


105 


3.2 


2.1 


Liquid 


2 


[HCOFA(4)] tetramer + TMP(1 ) + Adi(1 .0) 


* 59 


1.3 


2.9 


Liquid 


3 


[HCO(1) + CO(1) + HCOFA(4)] reaction product 


71 


27.0 


ZS 


Liquid 


4 


[HCOFA(3) + COFA(1)J tetramer + TMP(1) 


.104 


23.8 


1.8 


Liquid 


5 


[HCOFA(2)] dimer + TMP(1) 


194 


2.8 


1.4 


Liquid 


6 


[HCOFA(4)] tetramer + Gly(1) 


95 


1.1 


3.8 


Liquid 
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Table 4 (continued) 



Example 


Synthesis conditions 


OHV 


IV 


Vis. 


Appearance 


7 


[HCOFA(4) tetramer + SorPO(1) 


171 


2.4 


2.5 


Liquid 


8 


[HCOFA(2)] dimer + GlyPO(1) 


173 


2.6 


1.0 


Liquid 


9 


[HCOFA(4) tetramer + GlyPO(1) 


83 


2.5 


1.6 


Liquid 


10 


[HCOFA(3)] trimer + TMP(1) + Cap(0.6) 


112 


3.8 


1.1 


Liquid 



10 

[0057] The use of the polyester pdyols (Y) of Examples 2 to 10 in lieu of the polyester polyol (Y) of Example 1 gave 
substantially the same results as obtained in Example 1 . 

EFFECTS OF THE INVENTION 

15 

[0058] The insulating urethane-forming curable composition of the present invention, when used for sealing electric 
or electronic parts or devices, can go around even into minute cavities or the like of said parts or devices owing to its 
low viscosity and, furthermore, can give flexible curing products showing good heat resistance, hydrolysis resistance 
(moisture resistance) and moistureproofness. Hence, hardness changes and insulating performance reduction can be 
20 prevented for a prolonged period of time even under severe conditions and therefore the electric or electronic parts or 
devices can be protected in a reliable manner. 

Claims 

25 1. An insulating urethane-forming curable composition comprising a polyol component and a polytsocyanate compo- 
nent which composition is characterized in that the polyol component comprises a hydrogenated OH-contairting liq- 
uid polyisoprene (X) and a polyester polyol (Y) which is composed of fatty acid units (A) and polyhydric alcohol units 
(B), occurs as a liquid at ordinary temperature and has an iodine value of not more than 50, and that the fatty acid 
units (A) in said polyester polyol (Y) at least partly comprise hydroxy tatty acid oligomer (at least dimer) units (a) 

30 resulting from condensation of at least two OH-containing fatty acid molecules, or at least one OH-containing fatty 
acid molecule and at least one OH-free fatty acid molecule. 

2. An insulating urethane-forming curable composition as claimed in Claim 1, wherein the fatty acid units (A) in said 
polyester polyol (Y) at least partly comprise hydroxy fatty acid oligomer (at least dmer) units (a) resulting from con- 

35 densation of at least two OH-containing fatty acid molecules, or at least one OH-containing fatty add molecule and 
at least one OH-free fatty acid molecule and wherein the polyhydric alcohol units (B) in said polyester polyol (Y) are 
at least partly polyhydric (at least trihydric) alcohol units (b). 

3. An insulating urethane-forming curable composition as claimed in Claim 1 or 2, wherein the OH-containing fatty 
40 acid constituting the hydroxy fatty acid oligomer units (a) is hydrogenated castor oil fatty acid or a combination of 

hydrogenated castor oil fatty acid and castor oil fatty acid. 

4. An insulating urethane-forming curable composition as claimed in Claim 1, wherein the amount of the polyester 
polyol (Y) in the polyol component is 10 to 150 parts by weight per 100 parts by weight of the hydrogenated OH- 

45 containing liquid polyisoprene (X). 

5. An insulated electric or electronic part or device as treated for moistureproofness with the curing product obtained 
from the insulating urethane-forming curable composition of Claim 1. 

so 6. An insulated electric or electronic part or device as claimed in Claim 5. wherein the curing product shows a hard- 
ness of not more than J IS A 80 at -20°C. 



55 



11 



EP 0 940 417 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 10 3709 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CL6) 



EP 0 262 472 A (IDEMITSU PETROCHEMICAL CO) 
6 April 1988 

* examples 1-6 * 

* claims 1,6 * 

DATABASE WPI 

Section Ch, Week 9524 

Derwent Publications Ltd., London, GB; 

Class A12, AN 95-183013 

XP002068348 

& JP 07 102 033 A (HITACHI CHEM CO LTD) 

* abstract * 

DATABASE WPI 

Section Ch, Week 9231 

Derwent Publications Ltd., London, GB; 

Class A12, AN 92-255726 

XP002068349 

& JP 04 173 827 A (IDEMITSU PETR0CHEM CO) 

* abstract * 

DATABASE WPI 

Section Ch, Week 8634 

Derwent Publications Ltd., London, GB; * 

Class A25, AN 86-223178 

XP002068350 

& JP 61 155 419 A (SANYO CHEM IND LTD) . 

* abstract * 



WO 91 09894 A (HENKEL KGAA) 11 July 

* page 3, line 9 - page 4 t line 2 * 

* page 9, line 15 - page 9, line 28 



1991 



EP 0 610 714 A (BAYER AG) 17 August 1994 

* column 1, line 51 - column 2, line 56 * 

* claims 1,4,9 * 



The present search report has been drawn up for all claims 



1-6 



1-6 



1-6- 



1-6 



1-6 



1-6 



C08G18/62 
C08G18/42 
C08G18/69 
H01B3/30 



TECHNICAL FIELDS 
SEARCHED (IM.C1.6) 



C08G 

H01B 



MUNICH 



D*ta of completion of the search 

17 June 1998 ... 



Heldenhaln, R 



CATEGORY OF CITED OOCUMENTS 

X : particularly relevant if taken atom 

Y : particularly relevant if combined with another 

document of the same category 
A : technotogfcaJ background 

O 

P: 



T : theory orprtnefcie underlying the Invention 
E : earlier patent document, but published on or 

after the filing date 
O : document cited In the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



12 



EP 0 940 417 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 10 3709 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

17-06-1998 



Patent document 


Publication 




Patent family 


Pub6 cation 


cited in search report 


date 




member(s) 


data 


EP 0262472 A 


06-04-1988 


JP 


2513471 B 


03-07-1996 






JP 


63076208 A 


06-04-1988 






JP 


2116329 C 


06-12-1996 






JP 


8021267 B 


04-03-1996 






JP. 


63076209 A 


06-04-1988 






OE 


3788549 0 


03-02-1994 






OE 


3788549 T 


11-05-1994 






KR 


9504801 B 


10-05-1995 






US 


4937305 A 


26-06-1990 


WO 9109894 A 


11-07-1991 


OE. 


3943080 A 


04-07-1991 






AT 


117701 T 


15-02-1995 






DE 


59008385 D 


09-03-1995 






EP 


0507792 A 


14-10-1992 






ES 


2067212 T 


16-03-1995 






JP. 


5502688 T 


13-05-1993 






US 


5302626 A 


12.-04-1994 



EP 0610714 A 17-08-1994 DE 4303556 C 27-10-1994 

CA 2114874 A 09-08-1994 
JP 6256453 A 13-09-1994 



For mom detaila about thia annex : ih Official Journal ol the European Patent Offioe, No. 12/82 



13 



